The beneficial health promoting effects of ginseng from vitalizing the body to enhancing long life have been well explored very rapidly in the past few years. Up till now many ginsenosides have been discovered for their marvelous therapeutic effects. However during past three years, a novel ginseng compound has been discovered, called gintonin, that differs from other ginsenosides on the basis of its signal transduction and chemical nature. Gintonin has been widely studied for its anti-Alzheimer's disease activities and other neuropathies. However, its anti-inflammatory activity remained unexplored. In our study we have reported for the first time the anti-inflammatory activity of gintonin on RAW 264.7 cells. We found that gintonin potently suppresses the nitric oxide production without any cytotoxicity at given doses and also efficiently suppressed the levels of proinflammatory cytokines. Moreover, it mediaes its signal transduction via MAPK and NF-B pathways and revives the levels of mir-34a and mir-93. These findings are valuable for the anti-inflammatory effects of this new compound with particular reference to microRNA involvement in the ginseng family.
Introduction
Toll-like receptors activation occurs when invading pathogens and microbes attach to them which in turn terminate to inflammatory pathways. The kind of pathway that is to be activated by a pathogen depends on the type of pathogen associated molecular patterns (PAMPs) which are specifically recognized by toll-like receptors (TLRs) [1] [2] [3] [4] . There are 6 kinds of toll-like receptors; for example, TLR2 identifies lipopeptides, TLR4 recognizes lipopolysaccharides (LPS), and TLRs 3, 7, 8, and 9 are responsible for the signaling of microbial nucleic acids. The association of lipopolysaccharides to TLR4 terminates into the activation of inflammatory cascade leading to the release of proinflammatory cytokines like COX-2, iNOS, TNF-, IL-1 , and IL-6. These proinflammatory cytokines are the primary factors for initiation of inflammatory process which progress to the activation of pathways like MAPK, NF-B, and PI3K/AKT. The NF-B 2 Evidence-Based Complementary and Alternative Medicine pathway is the classical pathway for inflammation. It consists of IKK ubiquitination which causes the disassociation of IKB/ due to which nuclear translocation of NF-B occurs and proinflammatory cytokines are released. In case of MAPK pathway also there are major factors like JNK, ERK, and p38 whose activation causes the translocation of Activator Protein-1 (AP-1) gene inside nucleus causing the intensified inflammatory response [5, 6] .
Panax Ginseng Meyer (CA) is a herbal tonic being widely used in countries like China, Japan, and Korea for its beneficial effects on health. Ginseng all over the world is mostly known for its marvelous effects in enhancing reproductive health and antiageing properties. Ginseng in a broader classification consists of saponin fraction also called as ginsenosides and nonsaponin fractions. Ginsenosides are the major compound of ginseng that has been studied and researched extensively for pharmacologic and therapeutic effects [7] . Gintonin which is being classified as a nonsaponin fraction had been discovered recently since 3 years and is found to be different from other ginsenosides on the basis of its signal transduction properties via LPA receptors and mobilization of calcium channels in xenopus oocytes at a low concentration [8] [9] [10] . Chemically gintonin consists of large amounts of amino acids, the major being phenylalanine. In case of carbohydrates, glucose is the major component of gintonin. Among the lipid components, it is linoleic acid that is most abundantly found in gintonin. So gintonin is actually a glycolipoprotein component of ginseng [11] .
MicroRNAs which are being recently explored are a topic of interest for scientific communities these days. Up till now these small 21-22 nucleotide containing noncoding small RNAs have been studied for almost all the bodily functions. They work by either silencing or overexpressing the target RNA for the proteins of interest [12] [13] [14] . In this manner they influence every pathological conditions in cells. In case of anti-inflammation area, many MicroRNAs are discovered and explored but in our study we selected micro-RNA 34a and micro-RNA 93. These two MicroRNAs are relatively new to inflammation and there is only limited data on this aspect.
So here in our investigation, we reported for the first time relatively two different MicroRNAs to be explored in a natural compound like gintonin with its anti-inflammatory effects in terms of nitric oxide production, suppression of proinflammatory cytokines, and signal transduction via NF-B and MAPK pathways.
Materials and Methods

Gintonin Preparation.
Four-year-old ginseng roots approximately 1 kilogram were grounded into small pieces and refluxed with ethanol (EtOH) 80% for 8 h at 80 ∘ C for 3 consecutive times. These EtOH extracts were then dried and concentrated. The remaining steps were according to the fractionation by Choi et al. [15] .
Materials.
Dulbecco's modified Eagle's medium (DMEM) (Daegu, Korea), fetal bovine serum (FBS) (WelGene Co., Korea), streptomycin and penicillin (Lonza, MD, USA), TRIZOL reagent (Invitrogen, Carlsbad, CA, USA), oligodT (Bioneer Oligo Synthesis), and iNOS, COX-2, TNF-, IL-6, and IL-1 primers were purchased from Bioneer; LPS (Escherichia coli 055:B5) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were obtained from Sigma Aldrich. Specific antibodies that were used against phospho-and total form of ERK, JNK, p38, IKK / , I B, NF B p65, iNOS, COX-2, -actin, and secondary antibody rabbit HRP linked antibody were purchased from Cell Signaling Technology. All other reagents and chemicals were obtained from Sigma Aldrich.
Cell
Culture. Murine macrophage cell line RAW 264.7 cells, obtained from American Type culture collection, were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 8% fetal bovine serum (FBS) (WelGene Co., Daejeon) and 100 IU/mL penicillin and 100 g/mL streptomycin sulfate (Lonza, MD, USA). The incubating conditions were maintained at humidified 5% CO 2 at 37 ∘ C.
Nitric Oxide (NO)
Assay. Griess reaction assay was the basis for determining the nitric oxide production. Briefly, RAW 264.7 cells were seeded in 96-well plate and incubated with or without LPS (0.1 g/mL) in absence or presence of gintonin at indicated concentrations for 18 h. The cell culture supernatants (100 L) were thoroughly mixed with Griess reagent (0.2% naphthylethylenediamine dihydrochloride and 2% sulphanilamide in 5% phosphoric acid) in DDW at equal volumes and then incubated for 5 min at room temperature. The absorbance in each well was then measured at 540 nm in microplate reader (Versamax).
Cell Viability (MTT)
Assay. Cell viability assay was done to access the cytotoxicity in cells using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide reagent which was added to culture medium at a final concentration of 0.1 mg/mL. After 4 h of incubation at 37 ∘ C in 5% CO 2 , the resulting violet colored crystals were dissolved in dimethyl sulfoxide (DMSO) 100 L/well and absorbance values were measured at 560 nm.
RNA Extraction and qRT-PCR.
For total RNA extraction, RAW 264.7 cells were pretreated with or without gintonin at indicated concentrations for 30 min and then stimulated with LPS (0.1 g/mL) for 18 h. RNA was extracted using TRIZOL reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer's instructions. Total RNA (2 g) was annealed with OligodT (Bioneer Co., Daejeon) for 10 min at 70 ∘ C and cooled for 5 min on ice, reverse transcribed using reverse transcriptase premix (Bioneer Co., Daejeon) in 20 L of reaction mixture, and run for 90 min at 42.5 ∘ C using thermal cycler. The reactions were then terminated at 95 ∘ C for 5 min to inactivate the reverse transcriptase. The reverse transcription polymerase chain reaction was performed using aliquots of cDNA obtained from RT reaction in a PCR premix (Bioneer Co., Daejeon). The PCR products were afterwards electrophorised on 1% agarose gel stained with ethidium bromide and visualized using Eagle Eyes image analysis Evidence-Based Complementary and Alternative Medicine 3 software (Stratagene, La Jolla, CA). The intensity of band densities was normalized for corresponding GAPDH, which is housekeeping gene used as an RNA internal standard and ratios were compared. Quantitative PCR primers sequence is given in Table 1 .
2.7.
Western Blot Analysis. RAW 264.7 cells were treated or left untreated with gintonin (6.25-50 g/mL) in the presence or absence of LPS (0.1 g/mL). Cytosolic and nuclear proteins were extracted according to the instructions of NE-PER nuclear and cytosolic extraction reagents (Thermo Scientific, #78833 and #78835). Proteins were then measured using PROMEASURE assay kit (PRO-PREP, iNtRON Biotechnology). Then they were separated by 10% SDS-PAGE and transferred onto PVDF (Millipore, Immobilon-P, Billerica MA, USA). Nonspecific binding on the nitrocellulose filter paper was minimized using blocking buffer containing 5% nonfat dry milk and 0.1% Tween-20 in TBS. The membranes were then incubated with specific primary antibodies overnight at 4 ∘ C followed by 1 h incubation with horseradish peroxidaseconjugated anti-rabbit antibody (1 : 3000 dilution, Cell signaling). Bound antibodies were visualized using enhanced chemiluminescence (Supex) and images were analyzed using ImageJ software. -actin was taken as internal control.
Transient Transfection and Luciferase Assay.
For measuring luciferase activity, HEK 293T cells were cultured in 60 mm well plates for 24 h and then transfected with TK Renilla (pRL-TK) and NF-B firefly luciferase (pNF-BLuc) constructs according to Calcium-Phosphate method. Six h after transfection the media were changed to normal DMEM supplemented with FBS and penicillin streptomycin antibiotic and then again incubated for 18 h. After incubation, cells were seeded in 24-well plates and after 18 h incubation again, they were pretreated with gintonin (6.25-50 g/mL) for 30 min before PMA stimulation for 6 h. Next cells were quantified for luciferase activity using Promega Dual-Glo luciferase assay kit according to manufacturer's instructions. GloMax luminometer (Promega) was used for measuring luciferase activity. Luciferase activity was normalized to TK Renilla. The similar protocol was followed for the expression of AP-1 transcription factor.
Real-Time PCR.
For microRNA expression analysis, RAW 264.7 cells were seeded in 6-well plates and pretreated with gintonin (12.5-50 g/mL) 30 min before LPS treatment (5 g/mL). Total RNA was extracted from cells using the miRNeasy Mini Kit (Qiagen). RNA then underwent reverse transcription using the miScript RT II kit (Qiagen). All gene transcripts were measured by real-time PCR with the SYBR Green Master Mix using miScript SYBR (Qiagen). The primer assays for real-time PCR analysis are as follows: Mm miR34a 1, Mm miR-93 1, and Hs RNU6-2 11 (Qiagen). RNU6 was taken as internal control.
Statistical Analysis.
All of the data is presented as mean ± SEM. One way ANOVA and Dunnett's test were applied for 
Gene
Primer Oligonucleotide sequence (5 -3 )
the statistical evaluation of data. Statistical analyses with < 0.01 were considered significant.
Results
Suppression of Inflammation Induced by LPS by Gintonin in a Dose Dependent
Manner. NO production is stimulated by the endotoxin LPS. In addition to this LPS acts as immunostimulatory factor for Gram-negative bacteria and can cause systemic inflammation syndrome if excessively stimulated. For this reason, we investigated whether gintonin affects LPS induced NO production in RAW 264.7 cells. As has been shown in Figure 1 (a), gintonin sharply attenuated LPS evoked NO production when it was injected to culture media 30 min after the sample injection. Moreover, it did not show any cytotoxic effect over this concentration range in study as depicted in Figure 1 (b). 
Attenuation in the Levels of Proinflammatory
Gintonin Inhibited the Protein Expression Levels of iNOS and COX-2.
To inquire if gintonin affects the protein expression levels of iNOS and COX-2, we performed immunoblotting to detect their expression. As shown in Figure 3 , gintonin inhibited the protein expression of both iNOS and COX-2 in a concentration dependent manner further validating that gintonin is effective at not only transcriptional but also translational levels of these proinflammatory cytokine proteins. 
Elucidation of Signal Transduction by Gintonin via NF-B Pathway
. NF-B is one of the major canonical pathways followed by any toxin for inflammatory manifestations. Generally, this pathway is primarily activated when LPS gets attached to TLR 4 ligand. After this receptor-ligand association, a series of factors are activated. As has been shown in Figure 4 (a), gintonin firstly inhibited the phosphorylation of IRAK-1 in a dose dependent manner. Afterwards in Figure 4 (b), gintonin has dose dependently attenuated the phosphorylation levels of TAK-1. In Figures 4(c) and 4(d) , it is shown that gintonin dose dependently diminished the phosphorylation levels of IKK / that caused degradation of I B/ . This cascade further continues in the translocation of NF-B inside nucleus that caused a strong inhibition in its phosphorylation as shown in Figure 4 (e). From this result gintonin has been shown to follow classical NF-B pathway for its signal transduction.
Inhibition of c-Jun N-Terminal Kinase (JNK) MAPK Pathway by Gintonin. Besides the canonical NF-B pathway,
there is another strong inflammatory pathway called Mitogen Activated Protein Kinase (MAPK) pathway that also terminates into nuclear factor AP-1. Therefore, we geared to check the effects of gintonin on factors for MAPKs activation (ERK, JNK, and p38). Gintonin showed dose dependent inhibitory effect on MAPK pathway that started from the inhibition in phosphorylation of MEK and MKK as shown in Figures  5(a) and 5(b) . From the dose dependent diminution in the phosphorylation of JNK and p38 as shown in Figures 5(c) and 5(d), it is clear that gintonin follows MAPK pathway as well for its signal transduction. However, it did not inhibit phosphorylation in ERK as shown in Figure 5 (e). This slight deviation from regular pathway is in contradiction with the results shown by Hwang et al. [16] , where gintonin suppressed ERK phosphorylation in cells expressing LPA receptors endogenously.
Gintonin Diminished NF-B and AP-1 Activity in HEK 293T
Cells. For the further confirmation of signal transduction pathways followed by gintonin, HEK 293T cells were transfected with NF-B and Renilla luciferase plasmid. As shown in Figure 6 (a), gintonin has dose dependently inhibited the levels of NF-B. In a similar manner, HEK 293T cells were transfected with AP-1 and TK Renilla plasmids. Figure 6 (b) shows that gintonin in a dose dependent manner suppressed the luciferase activity of AP-1 transcription factor.
Gintonin Recovered the Levels of mir-34a and mir-93 in LPS Stimulated RAW 264.7 Cells.
As has already been demonstrated by Jiang et al. and Xu et al. [17, 18] , LPS downregulates the expression of mir-34a and mir-93 with increase in concentration. In relation to these findings, we pursued to check the levels of these microRNAs in LPS stimulated RAW 264.7 cells under gintonin treatment. Figure 7 (a) is in conformation with the previous results that under the LPS stimulation mir-34a and mir 93 levels are downregulated. The real-time PCR result for mir-34a showed recovery in its levels after RAW 264.7 cells were treated with gintonin ( Figure 7(b) ). mir-93 levels showed same result like mir-34a in presence of gintonin treatment (Figure 7(c) ).
Discussion
Ginseng consists of a major portion of ginsenosides which are the saponin fractions; however, they are nonselective and require huge doses for qualification of their cellular effects [19] . After the discovery of gintonin which is a nonsaponin fraction of ginseng in 1990s, much work has been done on it in order to unravel its therapeutic potentials. Gintonin has been found to elevate calcium levels in xenopus oocytes through the activation of Gaq/11 protein couples receptors. This led to the discovery that gintonin indeed functions via lysophosphatidic (LPA) receptors which are G-protein coupled receptors (GPCRs). It has also been found efficacious for Alzheimer's disease pathogenesis as well as melanoma cell metastasis [8] . But until now the anti-inflammatory activity of gintonin remained undiscovered. In our paper therefore we Figure 5 : MAPK pathway inhibition by gintonin. RAW 264.7 cells seeded in 6-well plate were pretreated with gintonin (6.25 g/mL-50 g/mL) and then stimulated with or without LPS (0.1 g/mL) for 18 h. Total proteins were extracted and run on SDS-PAGE. Afterwards membranes were incubated with primary antibodies overnight followed by treatment with secondary antibody for 2 h. Proteins were then analyzed by ECL chemiluminescence system. Images are representative of at least 3 independent experiments. Data are mean ± SD ( = 3); Figure 6 : Effects on the transcriptional activity of NF-B and AP-1 by gintonin. HEK 293T cells were cultured in 24-well plate and after 18 h of incubation were transfected with NF-B and TK Renilla plasmids using Calcium-Phosphate method. 48 h after transfection, cells were pretreated with indicated concentrations of gintonin (6.25 g/mL-50 g/mL) and then stimulated with PMA (0.1 M) for 6 h. Later luciferase activity was measured using Dual-Glo luciferase assay system. NF-B activity was normalized to TK Renilla activity and concentrations were compared to PMA Renilla luciferase activity. Bar graph is ± SEM of triplicates. * * * < 0.001, * * < 0.005, and * < 0.01 were considered statistically significant (a). Similar approach was applied for AP-1 expression (b).
have shown for the first time the anti-inflammatory activity of gintonin with special reference to microRNAs related to it.
In the second half of 19th century, Miwa et al. discovered that murine macrophages produced nitrite and nitrate in response to activation by bacterial lipopolysaccharides [20] . It is a general phenomenon that nitric oxide (NO) is a gaseous molecule that is released in response to inflammation as protective mechanism for cells. As shown in Figure 1(a) , gintonin in our cell line RAW 264.7 cells has dose dependently inhibited the NO production when stimulated with LPS. We further found that gintonin did not show any cytotoxicity at all the dosage used for the study as has been observed in Figure 1(b) . Cytokines are the critical players in the suppression or progression of inflammation and their levels play a key role in trauma and other inflammatory anomalies [2, 21] . In our study we found the decreasing levels of COX-2, iNOS, IL-6, IL-1 , and TNF-by gintonin. This result indicates that gintonin potently suppresses the production of these proinflammatory cytokines, thus protecting the cells from deleterious injury.
Signaling transduction from the extracellular to intracellular potential targets is being carried out by numerous pathways. One of the very common pathways for inflammatory signal transduction is Nuclear Factor kappa B (NF-B) pathway. This pathway consists of a family of transcription factors that are very important in injury and infection. The NF-B signaling cascade begins with the activation of IKB which is in the dormant state. Phosphorylation of IKK activates I B subunit of NF-B because of which NF-B is set free and translocates into the nucleus [22, 23] . As shown in our results in Figures 4(a)-4(e) , gintonin has caused a dose dependent inhibition of all the factors involved in the NF-B pathway strongly indicating that it follows the canonical NF-B pathway for its signal transduction. Proinflammatory cytokines like interleukins are released because of interleukin receptor associated receptor kinase 1 (IRAK-1) which is also responsible for activation of NF-B pathway. As shown in Figure 4 (a) gintonin has also been demonstrated to decrease the phosphorylation of IRAK-1.
Besides the NF-B pathway, there is another strong inflammatory pathway followed by natural agents for the depiction of their anti-inflammatory nature, that is, Mitogen Activated Protein Kinase (MAPK) pathway. Like NF-B pathway, MAPK also consists of three distinct levels which are MAK3K, MAP2K, and MAPK. The further downstream regulators for MAPK are extracellular signal regulating kinase (ERK), c-jun-n-terminal kinase (JNK), and P38 [24, 25] . Figures 5(a)-5(d) have shown that gintonin has caused a dose dependent inhibition in phosphorylation of these MAPK factors except for ERK. Previous data showed that gintonin affected ERK phosphorylation but in our study with RAW 264.7 cells it remained undisturbed.
MKKs which belong to MAP2K are the upstream regulators for p38 and JNK and they are also being decreased by gintonin in a dose dependent manner. Other isoforms of MAP3K which are TAK1, MEKK4, ASK1/MAPKKK5, and more are also involved in the MAPK signaling pathway [26] . As can be shown from Figure 4 were treated with gintonin (12.5 g/mL-50 g/mL) in indicated concentrations and then stimulated with or without LPS (5 g/mL) for 18 h. Total RNA was extracted and mRNA expression of mir-34a was observed using real-time PCR. Bar values are ± SEM of at least 3 independent experiments. * * * < 0.001 and * * < 0.005 compared to LPS only. (c) RAW 264.7 cells were treated with gintonin (12.5 g/mL-50 g/mL) in indicated concentrations and then stimulated with or without LPS (5 g/mL) for 18 h. Total RNA was extracted and then mRNA expression of mir-93 was observed using real-time PCR. Bar values are ± SEM of at least 3 independent experiments. Statistic comparison is same as for mir-34a.
NF-B and AP-1 when compared against TK Renilla activity (Figures 6(a) and 6(b) ).
MicroRNAs in inflammation have already been elucidated clearly for many ailments and disease pathogenesis [27, 28] . The most common of these include mir-155, mir-146, mir-125, mir-467, mir-101, mir-132, mir-147, mir-210, and mir-92a [29] [30] [31] [32] [33] [34] [35] . However, we selected mir-34a mainly on the recent findings of Jiang et al. that demonstrated that it inhibits LPS induced inflammation in RAW 264.7 cells by targeting notch-1 [17] (Figure 7(a) ). mir-34a has also been previously demonstrated for targeting stem cell marker CD44 in prostate cancer and also playing a role in NF-B pathway in esophageal cancer [36] [37] [38] . But in relation to the expression of mir-34a in natural agent like gintonin, there is almost no literature. In our research as shown in Figure 7 (b), we found that gintonin potently revived the levels of mir-34a in dose dependent manner when RAW 264.7 cells were treated with 5 g/mL of LPS. It indicated that gintonin via its anti-inflammatory nature overexpresses the levels of mir-34a which has also been discovered to be an anticancerous and anti-inflammatory related MicroRNA.
mir-93 suppresses inflammation in murine macrophages treated with LPS by targeting IRAK4 as reported by Xu et al. and shown in Figure 7 (a) [18] . Along with mir-34a, mir-93 is a newly discovered microRNA for inflammation. So we selected mir-93 for expression in LPS induced RAW 264.7 cells under gintonin treatment. And the results were similar to that of mir-34a expression that gintonin restored its levels in a dose dependent manner (Figure 7(c) ). Mir-93 was selected in our study because of its commonalty with IRAK 4 (which is basically its target) and one of the upstream signaling factors for NF-B.
Conclusion
In a nutshell, our study demonstrates that gintonin significantly suppressed the nitric oxide levels and proinflammatory cytokines without any cytotoxicity at the given ranges. It has also been demonstrated that gintonin mediates its signal transduction mechanism via canonical NF-B and MAPK pathways but it did not affect the levels of ERK. The signal transduction pathway for gintonin was further confirmed by transcriptional repression of NF-B and AP-1 activity. The two newly discovered microRNAs (mir-34a and mir-93) were revived by gintonin indicating its anti-inflammatory nature to a micromolecular level. However, we can conclude that the therapeutic effects of ginseng cannot be attributed to the gintonin component only but it is speculated that further critical study into gintonin's pharmacologic effect will help it emerge as a functional food and novel herbal medicine for bodily anomalies.
